###### Strengths and limitations of this study

-   This multicentre pilot study is the first randomised, placebo-controlled trial assessing the feasibility and clinical efficacy of a faecal microbiota transplantation protocol for the treatment of paediatric ulcerative colitis and inflammatory bowel disease-unclassified (IBD-U). This pilot trial will provide insight towards the role of FMT in the treatment of paediatric inflammatory bowel disease (IBD).

-   Results from this trial will be valuable for future faecal microbiota transplantation research involving larger population sizes, through multicentre, double-blinded IBD trials.

-   The lack of investigator blinding (single-blinding) is a limitation to the study design.

-   The strengths and limitations of normal saline versus autologous stool as placebo are unclear, with previous investigators having used both in studies of FMT for recurrent *Clostridium difficile* colitis and FMT for the treatment of IBD.

Introduction {#s1}
============

Ulcerative colitis (UC) is a disease characterised by chronic inflammation of the colonic mucosa. Approximately 104 000 Canadians are affected by UC, and Canada has among the highest incidence in the world.[@R1] A diagnosis of UC can be debilitating in childhood. Chronic diseases can have significant impacts on children, and UC may particularly affect childhood growth and development.[@R4] Long-term immunosuppression is often required, and paediatric patients may face higher lifetime rates of lymphoma and infection given their longer duration of illness. While colectomy may be considered curative, prophylactic removal of the colon in childhood can have long-term impacts on fertility, and may negatively affect psychosocial function.[@R6] For many paediatric UC patients, their quality of life is marred by flares of abdominal pain, bloody diarrhoea, and treatments that have significant toxicity.[@R8]

The traditional approach to managing UC involves immunosuppression to dampen an overactive immune system.[@R8] An alternative strategy involves focusing on those factors that cause upregulation of the immune system in the first place. The gut microbiome is a provocative candidate. The intestinal tract is a rich immunologic organ. Numerous immune receptors (toll-like receptors and NOD-like receptors) interact with the intestinal lumen to directly respond to bacterial antigens and trigger systemic immune responses.[@R9]

Human biotherapy, or faecal microbiota transplantation (FMT), involves the administration of a stool and water mixture from a healthy screened donor. By modifying intestinal bacteria through FMT---effectively replacing it with a healthier bacterial milieu---we may be able to prevent the cascade of immune disruption that characterises UC.

Rationale {#s1a}
---------

FMT has primarily been used for the treatment of recurrent *Clostridium difficile* colitis. A recent systematic review showed that over 90% of patients with recurrent *C. difficile* infection have been cured with FMT.[@R10] These results have since been replicated in larger studies worldwide and strongly implicate colonic bacteria as a potential therapy for other gastrointestinal disease conditions.[@R11]

Four small case series have demonstrated success of FMT for paediatric inflammatory bowel disease (IBD).[@R13] Protocols and response rates varied across each study, but lower gastrointestinal tract administration yielded clinical response rates in 67%--100% of patients.[@R13]

Two single-­centre paediatric case reports have been recently published showing marked clinical improvement in two patients with severe colitis. A 2015 case report described a 18-­month-old girl baby presenting with an early­-onset colitis with UC-­like phenotype, who responded after 7 serial FMT infusions with donor stool from and age-matched niece and older brother.[@R17] A 2016 case report described an 11-­year-old girl with corticosteroid-­dependent UC who responded after serial FMT infusions every 2--4 weeks over a 10-month period. The patient remained in clinical remission at 40 weeks post final FMT and showed complete endoscopic healing.[@R18] A further 2016 case report described a 3-year-old girl baby with acute severe UC who was refractory to aminosalicylates and all immunosuppressive drugs.[@R19] She received 6 successive FMT enemas and 4 FMT via nasoduodenal tube over 10 days, but ultimately required colectomy. Donor faecal microbiota was not identified in the patient, and the authors concluded that due to the severely damaged colonic epithelium, paucity of crypts and overall decrease of mucous in the outer layer, the donor microbiota could not be retained by the recipient. The authors concluded that patients with mild disease might be a better candidate for FMT. However, factors that optimise bacterial transfer from donor to recipient in FMT remain unclear, and mechanistic conclusions from single-centre case reports remain speculative at this time.[@R19]

Significance {#s1b}
------------

Factors that contribute to the success of FMT in the treatment of IBD remain unclear and need definitive randomised-controlled trials to identify benefit.

This pilot study will be the largest randomised, single-blind, placebo-controlled trial evaluating the role of FMT in paediatric UC ever conducted. This pilot study will built on the FMT in adult UC trial recently completed at our centre.[@R20] We will assess the feasibility of delivering two times per week faecal enemas from anonymous faecal microbial donors, to patients with paediatric UC. Previous faecal transplant studies in paediatrics have typically used within-family, or within-household donors with varying frequencies of transplant delivery, most of which were fewer than the frequency proposed in this study. These differences in donor selection and transplant frequency may have compromised efficacy. This pilot will help identify factors associated with the success or failure of FMT in paediatric UC. Our results will provide important preliminary data for the design, completion of a definitive paediatric trial with a larger sample size and power calculation to attain statistical significance of our primary clinical outcomes in the future.

This study, and smaller paediatric trials by other investigators, suggests the following: FMT is an effective therapy in adult UC, FMT is an effective therapy for paediatric UC, donor selection has a significant role in optimising therapeutic response and there may be differences in response between patients with duration of disease ≤1 year versus \>1 year[@R20]. For these reasons, a large randomised, single-blind, placebo-controlled trial in paediatric UC patients, who typically have a shorter disease duration, using an anonymous donor, will be scientifically and clinically valuable.

The aim of this paper was to describe the first randomised-controlled protocol for FMT in a paediatric IBD population.

Study objectives {#s1c}
----------------

The objective of this pilot study was to assess the feasibility of FMT for the therapy of paediatric UC. Specifically, we will test the hypothesis that a protocol of two times per week enemas over 6 weeks, using faecal transplant material from an anonymous unrelated donor, will improve the efficacy of FMT in paediatric UC patients, and build a framework for future studies to assess the effectiveness of FMT intervention. We will evaluate key feasibility measures of the following:Participant recruitment (sample size)Participant retention (sample size)Participant eligibility criteria (sample size)Acceptance of patients to participate in study (process)Effect of intervention on disease primary and secondary disease outcomes (clinical)Effect of intervention on faecal bacterial community structure (clinical)Rate of adverse events inpatients receiving FMT (clinical).

Methods and analysis {#s2}
====================

Study design {#s2a}
------------

The PediFETCh Trial is a randomised, placebo-controlled multicentre trial. It uses a parallel arm approach consisting of a faecal transplantation group and a placebo group. In Ontario, Canada, there are two sites involved in this multicentre trial: McMaster Children's Hospital, Hamilton, and Children's Hospital of Western Ontario, London (primary and secondary sites, respectively).

Patients are seen on-site for all scheduled visits, in accordance with the protocol ([figure 1](#F1){ref-type="fig"}). Faecal enemas are screened, prepared and tested by Rebiotix, and sent to the sites for patient administration. Enemas are administered at the respective site's paediatric gastroenterology clinics by study team members familiar with the single-blinded FMT enema protocol, two times per week for 6 weeks.

![Study protocol. IBD-U,inflammatory bowel disease-unclassified; PUCAI, Paediatric Ulcerative Colitis Activity Index; UC, ulcerative colitis.](bmjopen-2017-016698f01){#F1}

Patient enrolment began in November 2015 at McMaster Children's Hospital and is tentatively planned for Summer, 2017 at Children's Hospital of Western Ontario. A third site is projected to receive research ethics board approval in Fall, 2017 (Sainte Justine's Hospital, Montreal). We aim to complete recruitment of 50 patients with a target recruitment end-date of Fall, 2018. No other paediatric Gastroenterology sites in Canada are currently offering FMT trials for paediatric UC; thus, patients referred from outside centres for entry into our study will be considered if they meet eligibility criteria.

Outcome measure analysis {#s3}
========================

PUCAI; MRE: Magnetic Resonance Enterography

Eligibility criteria {#s3a}
--------------------

Paediatric patients (aged 3--17 years) with UC and IBD-unclassified (IBD-U) subtype are eligible for the study. Patients classified as IBD-U are included because their distribution of disease is often limited to the large intestine-like classical UC. Eligible patients must also demonstrate signs of disease activity, as determined by measures of elevated inflammatory markers (specifically faecal calprotectin and C-reactive protein (CRP)), PUCAI scores of ≥15 or increased disease activity supported by endoscopic findings.[@R13]

Subjects are excluded if they are participating in another clinical trial, are unable to give informed consent or assent, have severe comorbid medical illness, have concomitant *C. difficile* infection or require hospitalisation (at discretion of the treating physician; typically, PUCAI \>65). Continued treatment with 5-ASA, azathioprine, 6-mercaptopurine or anti-TNFα therapy (eg, infliximab) will be permitted if taken at stable dose for ≥4 weeks prior to randomization. No new medical therapies (eg, corticosteroids, antibiotics and probiotics) will be permitted during the study period, unless patients meet criteria for a suspected adverse event.

Patients younger than 3 years will also be excluded as these patients meet definition for 'Infantile IBD', which may have a different biological and clinical phenotype than other paediatric age presentations of IBD.[@R24]

Randomisation {#s3b}
-------------

All patients seen at McMaster Children's Hospital's Division of Gastroenterology who meet eligibility criteria will be approached for participation in the study. Patient recruitment and consent are performed by the clinical research coordinator. A standardised script is used to describe objectives, risks and benefits and details of the randomisation to eligible participants. The sample size required to carry out this study is 50. This figure is based on the number of potentially eligible UC patients at McMaster Children's Hospital (150) and Children's Hospital of Western Ontario (100) using recent census data from respective centres' IBD clinics. Twenty-five patients will be randomised to receive normal saline enemas (control; saline/polyethylene glycol 3350) and 25 patients to receive an FMT enema (intervention; 50 g/150 mL, 10^7^ microbes/mL of suspension in saline/polyethylene glycol 3350). This pilot study is not powered for any of the outcomes ([table 1](#T1){ref-type="table"}). Randomisation occurs according to a computer-generated block randomisation pattern (block size=4 participants). Eligible patients will be randomised 1:1 to receive FMT, or normal saline faecal enemas containing brown food colouring. Patients randomised to receive the normal saline placebo enema will be given an opportunity to enter an open-label phase of the study at completion, to receive the faecal microbial enema and re-enter the trial through a prospective observational design.

###### 

Trial outcomes (feasibility and clinical outcomes)

                                       Outcome                                                                                                       Measure                                                     Analysis
  ------------------------------------ ------------------------------------------------------------------------------------------------------------- ----------------------- ----------------------------------- --------------------------------------------------------------------
  Feasibility outcomes                 Participant recruitment                                                                                       Recruitment/month       Cumulative across all study sites   ≥2 participants/month recruited and retained for duration of study
  Participant retention                Percent dropout post enrolment                                                                                                                                            
  Participant eligibility              Percent meeting eligibility                                                                                                                                               
  Adverse events                       Hospitalisation or ↑PUCAI ≥20×2 consecutive measures                                                          \<10% of participants                                       
  Blood specimens                      Participant provides all required blood samples                                                               \>90% of participants                                       
  Stool specimens                      Participants provides all required stool samples                                                              \>90% of participants                                       
  Microbiome                           Microbiome analyses (16 s rRNA profile, metagenomics) performed for participant at all required time points   \>80% of participants                                       
  PUCAI                                Participant provides information to calculate all required PUCAI scores                                       \>90% of participants                                       
  Week 30 Endoscopy                    Endoscopy obtained                                                                                            \>10% of participants                                       
  Clinical outcomes                    Clinical remission (6 weeks)                                                                                  PUCAI≤10                χ^2^ test                           
  Clinical remission (30 weeks)        PUCAI≤10                                                                                                      χ^2^ test                                                   
  Clinical remission (6--30 weeks)     Sustained PUCAI\<10                                                                                           χ^2^ test                                                   
  Clinical improvement (6 weeks)       ↓ PUCAI≥15                                                                                                    χ^2^ test                                                   
  Clinical improvement (6--30 weeks)   Sustained ↓ PUCAI≥15                                                                                          χ^2^ test                                                   
  Biological improvement (6 weeks)     ↓ C-reactive protein                                                                                          t-test                                                      
  Biological improvement (6 weeks)     ↓ faecal calprotectin                                                                                         t-test                                                      
  Biological improvement (30 weeks)    ↓ C-reactive protein                                                                                          t-test                                                      
  Biological improvement (30 weeks)    ↓ faecal calprotectin                                                                                         t-test                                                      
  Mucosal healing (30 weeks)           Endoscopy                                                                                                     t-test                                                      
  Change in microbiota (6 weeks)       ∆ 16 s rRNA profile, metagenomics profile                                                                     t-test, αβ diversity                                        
  Change in microbiota (30 weeks)      ∆ 16 s rRNA profile, metagenomics profile                                                                     t-test, αβ diversity                                        

PUCAI, Paediatric Ulcerative Colitis Activity Index.

Enema product {#s3c}
-------------

Saline and faecal enemas are both obtained from Rebiotix, a biotechnology company from Minnesota, USA that distributes live, human-derived faecal microbial enemas (RBX2660). RBX2660 has received Health Canada Clinical Trials Application (CTA) and US Food and Drug Administration Investigational New Drug Application (IND) approvals for clinical trials inpatients with recurrent *C. difficile* infection. Enemas contain live, unprocessed human faecal microbiota or saline with polyethylene glycol preservative (placebo). Faecal microbial donors are screened, stools are tested for infectious pathogens, centrally prepared in opaque enema bags, retested prior to delivery and sent by Rebiotix to the investigator through preserved cold-chain delivery. Specifically, the samples are stored in −80°C freezers at Rebiotix, Minnesota, USA with next-day, on-site delivery in styrofoam-insulated boxes containing ice packs. Frozen enemas are removed from the boxes and stored in the clinic fridge (4°C) for up to 3 days. The opaque enema bags and enema tubing ensure that blinding is preserved to the study patient.

A study team member initially 'connects' the enema bag to its tubing. We add 1 mL of commercially available (Club House brand), food-grade food colouring to the normal saline enema bag (two drops red, three drops green and seven drops yellow) to confer a brown colour to the clear normal saline solution.

Statistical analysis {#s3d}
--------------------

### Outcomes {#s3d1}

Subjects will have outcome measures performed at four time points ([figure 1](#F1){ref-type="fig"}). In addition to study outcome measures, patients in each randomisation arm will receive usual medical care.

Feasibility will be assessed by the outcomes of patient eligibility, patient recruitment, patient retention, adherence to blood and stool sample collection times and adverse events or patient hospitalisations throughout the enema administration and follow-up period.

Bloodwork collection will be performed at the time of the FMT (weeks 0, 3 and 6), or at scheduled clinic visits (weeks 18 and 30). Standard paediatric UC bloodwork to monitor for systemic inflammation will be ordered: complete blood count, erythrocyte sedimentation rate, CRP, alanine transaminase, aspartate transaminase, alkaline phosphatase. Routine laboratory protocols and assays for obtaining and measuring samples will be followed.[@R8]

Clinical disease activity score**s** will be determined based on a history obtained at each clinical assessment (two times per week on weeks 0--6; once on weeks 18 and 30), or over the telephone on non-clinical assessment days (weeks 12 and 24). The internationally validated PUCAI score will be used to objectively assess clinical disease activity.[@R21]

Stool samples will be collected for microbiome analysis and faecal calprotectin (weeks 0, 3, 6, 12, 18, 24 and 30) to assess patterns of bacterial community structure associated with intestinal inflammation. Routine collection of stool specimens will be performed at home independently by patients. Stools unable to be submitted immediately may be kept in a sterile screw-capped sample container in a standard, home freezer until delivered to the laboratory. Microbiome analysis will be conducted through the laboratory of Dr M. Surette; bacterial community profiling of 16 s rRNA genes will be performed on part of each stool sample using 250 nucleotide paired end reads of the V3 (or V3V4) region using the MiSeq Illumina sequencer.[@R26] Analysis will be performed using an in-house bioinformatics pipeline that generates clusters of operational taxonomic units, taxonomic assignment and various measures of alpha and beta diversity. If required at the bioinformatics stage, additional control microbial data will be obtained through Human Microbiome Project published databanks.

Imaging and endoscopic surveillance may be performed if clinically indicated.

Follow-up patient outcomes will be measured at weeks 12, 18, 24 and 30 after the faecal enema intervention ([figure 1](#F1){ref-type="fig"}).

All primary and secondary outcomes will be assessed using both intention-to-treat and per-protocol. The differences in remission rates between the groups will be analysed with support from departmental statistical support personnel. Proportions and percentages will be reported to determine whether all feasibility outcomes were reached. Continuous outcomes will be compared using t-tests and categorical outcomes will be compared using χ^2^ tests. 95%CIs and p values will be reported ([table 1](#T1){ref-type="table"}).

Safety monitoring {#s3e}
-----------------

Study risks include enema delivery, and complications of FMT. Enema administration carries a low risk of proctitis, and FMT has been associated with *C. difficile* colitis, fever and infection.[@R26]

We will be obtaining FMT materials through a company called Rebiotix, a biotechnology firm located in Minnesota, USA. The faecal enema (RBX2660) prepared by Rebiotix has received Health Canada Clinical Trials Application (CTA) and US Food and Drug Administration Investigational New Drug Application (IND) approvals for clinical trials inpatients with recurrent *C. difficile* infection.

Donor qualification processes involve: potential donors completing a health and lifestyle questionnaire, providing blood and stool samples for analyses of (1) Blood---HIV, hepatitis A, B and C, syphilis and (2) Stool---*C. difficile* toxin B, *Norovirus*, *Rotavirus*, *Adenovirus*, *Shigella*, *Salmonella*, *Campylobacter*, *Escherichia coli*, *Aeromonas*, *Plesiomonas*, *Yersinia*, Shiga toxins, Giardia antigen, Cryptosporidium antigen, Cyclospora, *Isospora*, ova and parasites, Vancomycin-resistant enterococci, methicillin-resistant *Staphylococcus*, *Vibrio* and *Listeria*.

Donors are screened to confirm whether they are disease-free before donations begin. When donations begin, a sample of each donation from each donor is retained. Retained samples from each donor are pooled with other samples; from that, same donor and the pooled samples are subjected to repeat stool testing at approximately 45-day intervals to confirm continued donor health. Repeat donor blood testing is also performed at a minimum of 14 days after the last donation and again during the approximately 45-day collection interval. If the donor passes the repeat screening, drug product manufactured from donations collected within that 45-day period is released from quarantine. At the time of each donation, the donor completes a repeat questionnaire to confirm his/her continued health and absence of risky lifestyle behaviours. Rebiotix performs stool and blood testing approximately every 45 days.

Study participants will be monitored for signs of clinical deterioration. PUCAI scores will be measured at defined trial time points ([figure 1](#F1){ref-type="fig"}). An increase in disease activity score of ≥20, from the previously collected score, will be classified as 'disease progression'.[@R21] Reassessment of PUCAI scoring will occur within 1 week and any further increase ≥20 will remove the patient from the study for implementation of standard IBD management. Patients who contact study coordinators or clinic nurses reporting fever, or worsening vomiting, abdominal pain, rectal pain, diarrhoea or hematochezia will have PUCAI scores measured to evaluate for progression. All participants who experience an increase in PUCAI scores of ≥20 at successive measurements, or admission to hospital for any reason, will be classified as having an adverse event, and unblinding may be performed to the treating clinician and/or study participant at that time.

A Data, Safety and Monitoring Committee (DSMC) has been assembled for the study at the investigators' discretion. The DSMC will perform an interval assessment of preliminary study data, approximately midway through the trial. The DSMC comprised experts in the fields of paediatric gastroenterology, paediatric IBD management and clinical trial statistical analyses, and will operate independently of the investigators and collaborators for the trial, and any sponsors. The terms of the DSMC will be defined at the initial meeting, which has not yet occurred. The DSMC was not assembled earlier, due to the Research Ethics Board at the primary site determining that a DSMC would not be necessary for the trial to commence.

Ethics and dissemination {#s4}
========================

Ethics {#s4a}
------

The study will be conducted in accordance with the protocol, the Helsinki declaration, and the Canadian Tri-Council Policy Statement on research ethics. A Health Canada no-objection letter to perform FMT for the purpose of the trial was obtained, and local research ethics board (REB) approval was obtained for McMaster Children's Hospital and Children's Hospital of Western Ontario. All amendments to the trial protocol will be obtained through approval by the local REB and updated through the clinical trials registry (ClinicalTrials.gov). Research personnel will approach all potentially eligible patients who fulfil eligibility criteria for consent. All patients must sign a consent form to participate in the trial.

Data sharing {#s4b}
------------

Anonymised data about patient outcomes will be shared with Rebiotix for the assessment of RBX2660 (faecal enema) efficacy. The information shared will be limited to: (1) patients' age, height and weight, (2) patients' medication history (previous, and ongoing), (3) date enema was given, volume administered any reported adverse effects of delivery and (4) PUCAI scores, results of bloodwork and faecal calprotectin.

In addition, a deidentified stool sample will be sent to Rebiotix. These will be collected along with standard stool samples per study protocol ([figure 1](#F1){ref-type="fig"}).

Follow-up {#s4c}
---------

Results of this pilot will inform several future research goals. Pilot data will be used to inform a definitive multicentre randomised-controlled trial using a larger paediatric patient population. Data will be used to support additional research funding for a multicentre trial through a Canadian Institute of Health Research operating grant. Our data may also support further cross-over studies between human and mouse models to ascertain host-microbial influences underlying observed changes.

Reporting {#s4d}
---------

Results of the pilot will be reported to key stakeholders. Pilot data will be shared locally with clinical and basic science division members. Results will be shared through presentations at regional hospitals to encourage participation in future multicentre trials. Pilot data will also be submitted to international conferences and published in peer-review journals.

Future directions {#s5}
=================

On the basis of the results of this study, future double-blind, randomised, placebo-controlled trials of FMT in paediatric IBD may involve:

Primary outcomes {#s5a}
----------------

-   Evaluation of efficacy of FMT at inducing clinical remission in new-onset UC or Crohn's disease.

-   Evaluation of efficacy of multiple, periodically administered FMT at maintaining clinical remission (prevention of relapse).

Secondary outcomes {#s5b}
------------------

-   Evaluation of efficacy of FMT at inducing long-term mucosal healing.

-   Evaluation of change in faecal bacterial community structures of patients receiving FMT.

Discussion {#s6}
==========

Increasing prevalence of UC worldwide, particularly in Canada, and diagnosis in increasingly younger populations necessitate the need for novel treatment approaches.[@R27] Currently, this trial is open to paediatric UC and patients with IBD-U experiencing symptoms of clinical or mucosal inflammation, who would like to abstain from escalation of therapy or surgical interventions.

A previous randomised-controlled trial for FMT in adult UC demonstrated a statistically significant benefit of FMT (9/38, 24% vs 2/37, 5%) at inducing UC remission, with no significant difference in adverse events between the groups.[@R20] A second positive randomised-controlled trial for FMT in adult UC was recently published, showing statistically significant benefits of FMT versus normal saline placebo at inducing: steroid-free clinical remission (18/41, 44% vs 8/40, 23%), clinical response (22/41, 54% vs 9/40, 23%) and endoscopic response (13/41, 32% vs 4/40, 10%).[@R28]

This study will use a similar 6-week approach, with the two time per week enema administrations instead of one time per week. We will use a similar normal saline enema placebo. Our trial will also involve a greater diversity of anonymous, non-household donors, to decrease the likelihood of observing a donor-dependent outcome. Primary outcomes of this pilot study will be feasibility measures of the reported protocol, and secondary outcomes will include subjective and objective measures of clinical and mucosal healing of UC/IBD-U over the enema administration and follow-up period.

This trial will provide preliminary evidence for the use of FMT in a paediatric UC population. Our results will be informative for future, larger population size, double-blinded randomised-controlled trial in paediatric UC, which may look into further analysing the efficacy of FMT in inducing remission and optimise dosage.
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